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(54) DRUGS AND REAGENTS CONTAINING N-ACYLOXYLATED CYCLOALKYL COMPOUNDS AS 
THE ACTIVE INGREDIENT 



(57) Drugs or reagents containing as the active in- 
gredient N-acyloxylated cycloalkyi compounds repre- 
sented by general formula (1): 




N 




( I ) 



(wherein A is optionally substituted or C5 cycloalkyi 
which may have one double bond in the ring; and R is 
C^ - C3 alkyi or phenyl). The above compounds are hy- 
droxyamine derivatives functioning as spin trapping 
agents and can rapidly react with free radicals or active 
oxygen in an objective organ in spite of their being ex- 
cellent in stability during the preparation or administra- 
tion thereof. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a drug comprising a nriodlfied N-acyloxylated cycloalkyi compound as an 
effective ingredient and, more particularly, to a drug comprising an N-acyloxylated cycloalkyi compound which can 
scavenge In vivo active oxygen or tree radicals and is useful as an agent for preventing or curing various diseases 
induced by in vivo active oxygen or free radicals and as a reagent for non-invasively acquiring biological images by a 
magnetic resonance method, typified by the ESR (Electron Spin Resonance) method, or for detecting in vivo active 

fo oxygen or free radicals In collected organisms. 

BACKGROUND ART 

[0002] Active oxygen is defined as one type of oxygen species with a short life which is very reactive and takes part 
15 in various types of in vivo oxidation reactions. The scope of active oxygen varies depending on the definition. In a 
narrow sense, active oxygen means a hydroxyl radical (.QH). superoxide (Og ), singlet oxygen (^Og), and hydrogen 
peroxide (HgOg). In a broad sense, active oxygen Includes a peroxy radical (LOO.)and alkoxy radical (LO-) which are 
derived from the reaction of the above active species and biological components such as unsaturated fatty acid L, and 
a hypochlorite ion (CIO ) formed from HgOg and CI' by the reaction with myeloperoxidase and the like. 
20 [0003] Radkjals are defined as atoms or molecules which possess one or more unpaired electrons. A hydroxyl radical, 
superoxide, peroxy radical, and alkoxy radical are all radicals. Singlet oxygen and hydrogen peroxide are not radicals, 
but are formed from a radteal reaction or cause other radical reactions. 

[0004] In recent years, active oxygen and free radicals showing various in vivo bioactivity have attracted attention 
and have been studied in the field of biology, medicine, and phamnacology The active oxygen or free radicals are 

25 generated in vivo due to ultraviolet rays, radiation, atmospheric pollution, oxygen, metal Ions, ischemia-reperfusion, 
and the like. Active oxygen and free radicals thus generated cause various in vivo reactions such as peroxidization of 
lipids, denaturation of proteins, and decomposition of nucleic acids. Ischemk: diseases, digestive diseases, cancer, 
cranial nervous diseases accompanied by nen/e degeneration, inflammation, cataracts, and drug-induced organopathy 
are known as diseases accompanied by such phenomena. .Noninvasive detection of such active oxygen and free 

30 radicals which relate to so many diseases may help in the investigation of the causes of a number of such diseases 
and provide useful medical Information. 

[0005] The following two methods are known as conventional methods for detecting free radicals. One of these Is 
an indirect method consisting of adding a reagent to a reaction system and detecting the resulting changes in absorb- 
ance or emission of light by the reaction system. The other method is an electron spin resonance. (ESR) method 
35 consisting of directly detecting unpaired electron of free radicals. Since the ESR method can measure both liquid and 
solid samples and even opaque or non-uniform samples, this method is very advantageous for detecting active oxygen 
in collected biological samples or in vivo. 

[0006] The problem in detecting in vivo active oxygen or free radicals Is that ESR cannot directly measure active 
oxygen or free radicals in a living body due to their short life. To solve this problem, a method of indirectly observing 

40 in vim active oxygen or free radicals by administering a reagent to a living body and measuring the chemical changes 
in the reagent caused by active oxygen or free radicals using ESR has been employed. For this purpose, a spin trapping 
method has been developed with an objective of measuring active oxygen having unpaired electrons such as hydroxyl 
radicals. This method makes use of the capability of a trapping agent to rapidly react with free radicals having only a 
short life and produce a spin adduct which is stable, has a long life, and can be detected by ESR, as shown in the 

45 following formula. In a nan-ow sense, the spin trapping agent has been defined as a compound having a double bond 
In the scavenging site, such as S.S-dlmethyl-l-pyn-oline-l -oxide (DMPO) shown below. 
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Spin trapping agent In vivo radicals or Spin adduct 

(No ESR signals) free radicals (with ESR signals) 

(short life) 



[0007] Specifically, measurement of short-life active oxygen becomes possible by adding a compound which can 
rapidly react with radicals and produces a spin adduct sufficiently stable for measuring ESR to the measuring system 
as a spin trapping agent, and measuring the stable spin adduct. 

[0008] Therefore, the requirements to be satisfied by the compound used as a spin trapping agent include: (1) ca- 
pability of rapidly reacting with active oxygen and free radicals, (2) being converted into sufficiently stable radicals. (3) 
being chemically stable when handled, and (4) being free from toxicity. 

[0009] An attempt to directly detect or image in vivo active oxygen or free radicals by using the above spin trapping 
agent has been undertaken. However, large volume biological samples cannot be measured using conventional ESR 
devices which utilize microwaves of an X-band (about 9.5 GHz) due to high dielectric loss in water. 'i 
[0010] In recent years, ESR-CT utilizing low-frequency microwaves (300-2000 MHz) has been developed, making, 
it possible to directly detect or image free radicals in a sample containing a large amount of water, particuliriy, free* 
radicals in a living body. 

[0011] The principle of a nuclear magnetic resonance (NMR) method was discovered in 1945. In 1973, Lauterbur 
first applied the NMR method to magnetic resonance imaging (MRI) which Is an imaging device used in medicine. 
Since then, the NMR method has progressed remarkably and becomes one of the most universal diagnostic methods 
at present. 

[0012] MRI first appeared as a diagnostic method using no contrast media. At present, contrast media are used to 
increase the detectability of a lesion site which is difficult to shade. Therefore, contrast media exhibiting superior de- 
35 tectability are demanded. 

[0013] in recent years, the utility of nitroxide compounds as contrast media for MRI or ESR and the antioxidation 
effect thereof has attracted attention. For example, paramagnetic inorgank: compounds such as gadolinium are ad- 
ministered as contrast media to contrast the lesion site in the MRI diagnosis used in medicine. However, because of 
toxicity of such inorganic compounds, nitroxide compounds have been considered as MRI contrast media which can 
be used instead of gadolinium. As ESR imaging has been developed and the utility thereof has attracted attention, the 
utility value of nitroxide compounds as imaging agents has increased. The possibility of utilization of nitroxide com- 
pounds as an active oxygen scavenging agent has also been suggested (see J. Biol. Chem. 263: 1 7921 ; 1998). 
[0014] If infonnation about active oxygen or free radicals in biological tissue can be acquired as biological images 
by the noninvasive magnetic resonance measuring method, this Infonnation can be used for studying pathology in 
which active oxygen and free radicals take part, such as ischemic diseases, digestive diseases, cancer, cranial nervous 
diseases accompanied by nerve degeneration, inflammation, cataracts, and drug-Induced organopathy (hereinafter 
refenred to "diseases related to active oxygen and the like") and diagnosing these diseases. 

[0015] In this situation, a report has been published describing the characteristics of some type of hydroxylamlne 
derivative which can easily react with free radicals and active oxygen by oxidative stimulation (active oxygen, etc.) and 
be converted into a nitroxide compound having ESR signals (Biochem Biophys Res Commun 230. 54-57, 1997). The 
compound is not a spin trapping agent in the stringent sense because this is not a generally defined nitron or nitroso 
compound. However, inasmuch as the capability of scavenging spins as shown by the following formula, the compound 
has the same function as the spin trapping agent in a narrow sense. 
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Free radicals, active oxygen 




N 



O 




OH 

Hydroxy I am i ne der i vat i ve 
(No ESR signals) 



Nitroxide derivative 
(with ESR signals) 



raoi6l m the above formula, A' represents a cycloalkyi group which may be substituted. 

KniS AlthouahThas teen known that super oxide in solutions or cells can be detected by measuring the ESR 
Sef forex^ptZlTao'em. Blophys. 215: 367-378; 1982). the hydroxylamine derivatives themselves are un- 

^ri^~=:ot:: i'^r:;::^r... ^s^e has been -^^f^^::::^ 

tSS^T ThtSo ^de Cmlm of a'tec^nology using a hydroxyamine derivative. J^^^iX^ S 
Lgent and can rapidly react with free radicals or active oxygen in an object«,e organ and yet exh.brt excellent stability 
during preparation or administration, has been desired. 

DISCLOSURE OF THE INVENTION 

J«Sh7aSL Z™n,e„«, can revenge ™dlc«, »nd ac»« oxygen, ana ean », M^<», ^ <« »» 

l22rThV?nlen11"h2^^^^ found that the N-acyloxylated oycloalkyi compound can scavenge active oxygen 
Lnd L TadlcarTnd can be used as a preventive or therapeutic agent for diseases such as ischemic diseases 
Si^: Seats, cl:::. crama. ne.ous'diseases accompanied by nerve <^o^gene.tion i^^^^^^^^^^ camracts. or 

cycloalkyi compound shown by the following formula (1) as an effective ingredient, 
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( I ) 



OCOR 



15 

Wherein A represents a or C5 cycloalkyi group which may have one double bond in the ring and may be substituted 
with an alicyl group, amino group, amide group, carbamoyl group, carboxyl group, Iceto group, hydroxy! group, sulfonic 
acid group, phenyl group, acetoxyl group, or acetoamino group, and R is a C^-C^ alkyi group or phenyl group. 
[0024] Another object of the present invention is to provide a method of scavenging in vivo active oxygen or free 
so radicals comprising administering the above N-acyloxylated cycloalkyi compound (I). 

[0025] Still another object of the present invention is to provide a novel N-acyloxylated cycloalkyi compound repre- 
sented by the following formula (II'), 



25 




Cir) 



OCOR 



wherein m is 0 or 1 ; when m is 0, X" and Y* individually represent a hydrogen atom, alkyi group, amino group, amide 
40 group, carbamoyl group, carboxyl group, keto group, hydroxyl group, sulfonic acid group, phenyl group, acetoxyl group, 
or acetoamino group, and when m is 1, X* and Y* individually represent a hydrogen atom, alkyi group, amino group, 
amide group, carbamoyl group, carboxyl group, keto group, hydroxyl group, sulfonic acid group, phenyl group, or 
acetoamino group; R is a C^-Ca alkyi group or a phenyl group; R^, R^. R3, and R^ individually represent a C^-C^ alkyi 
group; and 

45 

represents a single bond or double bond. 
BRIEF DESCRIPTION OF THE DRAWINGS 
50 [0026] 

Figure 1 shows a calibration line used for the detemni nation of the esterase concentration in a solution by the ESR 
signal strength using 1-acetoxy-3-carbamoyl-2,2,5,5-tetramethylpyrrolidine. 

Figure 2 shows an ESR-CT image of the brain of a rat to which 1-acetoxy-3-carbamoyl-2,2,5,5-tetramethylpyrro- 
55 lidine has been administered and the positional relationship in the brain. 

Figure 3 is a drawing describing the part of the brain Indicated by the anatomical chart shown in Figure 2. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

following reaction: 
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15 



20 




Reduction 




(HI) 



(IV) 



25 



RCOOH (V) 



30 




N 




35 



OCOR 



(I) 



40 



45 



..erain A rep.es.nu . C, o, o, ^^^^ .roup wh^h ..a, ''-'Z^^Ji"^?^^^'^^ 
Mf an MKyl group, an>ino 9r»up. »mir>. group, ca,t,an,o,l ^•^'^'^^'T^^^f^-Zfn^g,^. 

nitroxide compound (Hi). 



50 
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[0029] Although the reduction of the nitroxide compound (III) can be carried out according to a conventional method, 
a method of dissolving the nitroxide compound (III) in methanol and reducing the compound by the addition of hydrazine 

50 mono hydrate Is preferably employed. 

[0030] Esteriflcation of the hydroxylamlne compound (VI) obtained by the reduction of the nitroxide compound (III) 
can also be carried out according to a conventional method. One example of such a method comprises the reaction 
of the hydroxylamine compound (VI) with the carboxylic acid (V) in the presence of a dehydration condensation catalyst. 
A method. of using a derivative of the carboxylic acid (V) such as an active ester, acid anhydride, acid halide, and the 

55 like is also effective. 

[0031] As a preferable example of the above compound (I), N-acyloxylated cycloalkyi compound represented by the 
following formula (II) can be given. 
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Wherein X anC Y ln.lvidua.,y represent a hyCrogen atom, a'^' 9-/; ^^^^^^^^ 

cart^oxy, group, Keto group, hydroxy, group, -"o- ^ZlSy Ze7Ja ^C, a.^. group, and 

and R Is a C1-C3 alkyi group or a phenyl group. , R'=. R . and inaiviuu y p 

i^resents a single bond or double bond, ^'"^"l^^^'^ by the following formula (II). the compound 

[00321 Among the N-acyloxylated cycloallvl "^-^P"""* '.^J^^"^! jn a^ published document: , 
shown by the following fonnula (ll') is a novel compound, not disclosed in any pu 
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Wherein m is 0 on ; when m Is 0, and r ~y -pres^^^^^ ^.0X^9^00?;^^^^^^^^^ 9-?. 
group, carbamoyl group, carboxyl group. ^i^^^^P^^^^^^^^ a'kyi group, amino g«>up. 

or acetoamino group, and when m 1. X and Y ^^P^^"^"^' ^^J^, s^^onic acid group, phenyl group, or 

amide group, carbamoyl group, carboxyl 9~"P- 9*^^^^^^ and individually represent a C,-C4 alkyI 

acetoamino group; R is a C1-C3 alkyl group or a phenyl group. R . R . H . an 

group; and 

N^^««'«»<' 'V-a.Ky. con,pou.d (.> o, ,he preen, ,nv.a«on .™ P«-.rab^ 
Ssed for contrastradlography for MRl of brain or heart diseases «>"^^^'^7 J^^^ .^e above drugs differs 
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the active oxygen or free radicals in vivo can be given. Such preventive or therapeutic agents, which react with active 
oxygen or free radicals and eliminate them, are effective for prophylaxis and treatment of the diseases related to active 
oxygen and the like. 

[0038] The active oxygen or free radicals generated from the tissue or organs at a normal or diseased state can be 
detected from outside the body and imaged by administering the above drugs to normal animals and diseased model 
experimental animals. The drugs can be used as detection reagents for detennlning what active oxygen and free 
radicals relate to what kind of diseases from the results of imaging, thereby providing useful medical infonnation. 
[0039] Furthemriore, the drugs can be used as detection reagents for measuring the presence or absence, or the 
amount of active oxygen orfree radicals in blologk:al tissues by homogenizing collected samples, adding an appropriate 
buffer solution and the drugs to the homogenized solution, allowing the mixture to react for a certain period of time, 
and measuring the ESR. 

[0040] The present invention will be described in more detail by way of examples, which should not be construed as 
limiting the present invention. 



IS Example 1 

Synthesis of 1-acetoxy-3-cariDamoyl-2,2, 5,5-tetramethylpyrrolidine 

(1) Synthesis of 1-hydroxy-3-carbamoyl-2,2,5,5-tetramethylpyrrolidine 
20 . 

[0041] 1 .0 g (5.4 mmol) of 3-carbamoyl-2,2.5,5-tetramethyl-pyrrolidine-1 -yloxy was dissolved in 50 ml of methanol. 
After the addition of 1 0 ml of hydrazine monohydrate, the mixture was reacted for 6 hours at room temperature while 
stirring. The solvent was evaporated under vacuum to obtain 1 .0 g (5.4 mmol, yield: 100%) of white crystals. 
Melting point: 230-234*C (decomposed) 
25 ""H-NMROn DMSO; 6): 



0.88, s. 3H (CH3), 

1.02, s, 3H (CH3), 

1 .07, s. 3H (CH3), 
30 1.14, s. 3H (CH3), 

1 .52, dd (J=1 2.4Hz, J=8.1 Hz), 1 H (CH2). 

1.96, t (J=11 .8Hz), 1H (CH2). 

2.48, dd (J=1 1.8Hz, J=8.7Hz), 1H(CH), 

6.81, s. 1H(CONH2), 
35 7.12, s. 1H(OH), 

7.15, s, 1H(CONH2) 

(2) Synthesis of 1-acetoxy-3-cariDamoyl-2,2,5,5-tetramethylpyn-olidine 



40 



45 



[0042] 20 ml of dichloromethane and 3 ml of triethylamlne were added to 0.50 g (2.7 mmol) of 1 -hydroxy-3-cariDamoyl- 
2,2,5,5-tetramethylpyrrolidine. 0.38 ml (4.0 mmol) of acetic anhydride was added dropwise to the mixture with stirring 
and ice-cooling, the mixture was stin-ed for 3 hours. The reaction mixture was washed with water, diluted hydrochloric 
acid, water, 5% sodium hydrogencarbonate aqueous solution, and water, In this order. The organic layer was dried 
over magnesium sulfate, and the solvent was evaporated under vacuum. The residue was purified by silica gel column 
chromatography (ethyl acetate) and recrystallized from ethyl acetate to obtain 0.53 g (2.3 mmol) of white crystals (yield- 
86%). 

Melting point: 150-1 51 *C 
iH-NMR(ln DMSO;6): 



so 0.97, s. 3H (CH3), 

1.10, s,3H (CH3), 
1.12, S.3H (CH3), 
1.15, s, 3H (CH3), 

1.64. dd (J=12.4Hz, J=7.4Hz), 1H (CH2), 
55 2.06, s. 3H (COCH3), 

2.07, br,1H (CH2), 
2.62, br, 1H (CH), 
6.94. s. 1H (CONH2). 
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7.27, s. 1H (CONH2) 
Mass spectrum (EI+): m/z 228.3 (M+) 

5 Example 2 

synthesis of i-propionyioxy-3-carbamoyl-2,2.5,6.tetramethylpyrror,dine 

,„„«, osa g ,2.3^00 o,»h«.o^». «... prep-^ - r;:rs;r """"^ 

,a 0 52 ml of propionic anhydride instead of 0.38 ml of acefc anhydnde (yield. 85 /o). 
Meiting point: 116-117*C 
iH-NMR(in DMSO; 5) : 

0.97. s,3H(CH3). 
15 1 .06, t (J=7.4Hz), 3H(CH3), 

1.09, s. 3H (CH3). 
1.11. s, 3H (CH3). 
1.14,S.3H (CH3). 

1.64, dd (J=12.4Hz, J=7.4Hz), 1H(CH2), 

20 2.12!br. 1H{CH2), 

2.36, q (J=7.4Hz), 2H (CH2). 
2.62,br, 1H(CH), 
6.94, s. 1H (CONH2). 
7.27, s. 1H(CONH2) 



25 



30 



Mass spectrum (El-^): m/z 242.3 (M+) 
Example 3 

synthesis of 1 .butylyloxy-3-carbamoyl-2.2,5.5-tetramethylpyrrolidine 

10044, 0.ai g (a.4 mmo.) Of white cn,sta.s were prepared .n the san. manner as in Examp.e 1 (2). except tor using 
0 Tml of butyric anhydride instead of 0.38 mi of acetic anhydnde (y.eld. 88 A). 
Melting point: 103-1 04*C 
35 iH-NMR(in DMSO; 5): 

0.91,t(J=7.4Hz),3H(CH3). 

0.97, s. 3H (CH3), 
1.09. S.3H (CH3). 
40 l.ll.s, 3H(CH3), 

1.14, s, 3H (CH3). 
1.68, sex (J=7.4Hz). 2H (CH2), 
1 .64. dd (J=12.4Hz,J=7.4Hz), 1H (CHg). 

2.12!br.1H(CH2), 

45 2.32, t (J=7.4Hz). 2H (CHg). 

2.62, br, 1H(CH), 
6.94, s, 1H (CONH2), 
7.27, s, 1H(CONH2) 

50 Mass spectrum (El^): m/z 256.3 (M"^) 
Example 4 

Synthesis of i-ben2oyloxy-3-carbamoyl-2,2.5.5-tetramethylpyrrolidine 

" 1004S] 0 72 . (2 5 mmol) of white cn^sta. were prepared in ^^^^^J^^^^-^ ^ ^^"^^'^ ' ^^^^^^ "^'"^ 
0 ?6 ml of benzoic anhydride instead of 0.38 ml of acetic anhydnde (y.eld. 92 /»). 
Melting point: 199-201-0 
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1.10, S.3H (CH3). 

1.20. br.s. 12H(CH3X3). 
5 1 .72, dd (J=12.4Hz, J=7.4Hz),1 H (CHg). 

2.22. br, 1H (CH2), 

2.72, br, 1H(CH), 

6.99. s. 1H (CONH2), 

7.32. s, 1H (CONH2). 
10 7.56, t {J=8.1Hz), 2H (ARH), 

7.68. t (J=7.4H2), 1H (ARH), 
• 7.97. dd (J=8.1 Hz, J=1 .2H2). 2H(ARH) 

Mass spectrum (EI+) : m/z 290.4 (M-^) 

15 

Example 5 

Synthesis of 1 ,4-diacetoxy-2,2,6,6-tetramethylplperldlne 

20 (1 ) Synthesis of 1 ,4-dihydroxy-2.2,6,6-tetramethylpiperidine 

[0046] 1 .0 g (5.8 mmol) of 4-hydroxy-2.2,6,6-tetramethyl-piperidine-1 -yloxy was dissolved in 50 ml of methanol. After 
the addition of 1 0 ml of hydrazine monohydrate, the mixture was reacted for 6 hours at room temperature while stirring. 
The solvent was evaporated under vacuum to obtain 1 .0 g (5.8 mmol. yield: 1 00%) of white crystals. 
25 Melting point: 1 67-1 68'*C (decomposed) 
iH-NMR (in DMSO; 5): 

1.02, s. 6H (CH3X2), 
1.04, s, 6H (CH3X2), 
30 1.24, t(J=1 1.8Hz), 2H(CH2), 

1 .70. dd (J=11 .8Hz. J=3.1Hz). 2H (CH2). 

3.74, m, 1H (CH), 

4.38, d (J=5.0Hz), 1H (OH). 

7.01.S. 1H (N-OH) 

35 

(2) Synthesis of 1,4-diacetoxy-2,2,6,6-tetramethylpiperidine 9 

[0047] 20 ml of dichloromethane and 3 ml of triethylamine were added to 0.50 g (2.9 mmol) of 1 ,4-dihydroxy- 
2,2,6,6-tetramethylpiperidine. 0.80 ml (2.9 mmol) of acetic anhydride was added dropwise to the mixture with stirring 

40 and ice-cooling, the mixture was stirred for 3 hours. The reaction mixture was washed with water, diluted hydrochloric 
acid, water, 5% sodium hydrogencariDonate aqueous solution, and water, In this order. The organic layer was dried 
over magnesium sulfate, and the solvent was evaporated under vacuum. The residue was purified by silica gel column 
chromatography (ethyl acetate) to obtain 0.57 g (2.2 mmol) of white crystals (yield: 76%). 
Melting point: 72-73*C 

45 iH-NMR(inDMSp;6): 

1.00, 8. 6H (CH3X2), 
1.17, s, 6H (CH3X2), 
1 .54, t (J=11 .8Hz), 2H (CH2), 
SO 1.91, dd (J=1 1.8Hz, J=3.1Hz), 2H (CHg), 

1 .99, s, 3H (C-OCOCH2), 
2.06, s. 3H(N-OCOCH3), 
4.98, m, 1H (OH) 

55 Mass spectrum (EI+): m/z 257.3 (M+) 
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Example 6 

Synthesis of i-acetoxy-4-acetamide-2.2.6.6-tetramethylpiperidine 
5 (1 ) Synthesis of 1 -hydroxy-4-amino-2,2.6,6-tetramethylpiperidine 

The solvent was evaporated under vacuum to obtain 1 .0 g (5.8 mmol, 
10 yield: 1 00%) of white crystals. 

Melting point: 115-117**C (decomposed) 
•»H-NMR (in DMSO; 8): 

1.00, s. 6H (CH3X2), 
15 1.01.S, 6H(CH3X2), 

1.10,t(J=11.8Hz),2H (CH2), 
1.59.d(J=9.9Hz), 2H (CH2), 
2.84,m, 1H (CH), 
7.05. s. 1 H (N-OH) 



20 



25 



45 



50 



55 



I 

(2) Synthesis of l-acetoxy-4-acetamide-2,2,6.6-tetramethylplperidine 



and ice-cooling, the mixture was siirrea lor o nouie. , ^. . this order The orqanic layer was dned 

acid, water, 5% sodium hydrogencarbonate aqueous solution, and water, .n l^^^J^'J^^ ^^^ ^j,^ , 



tals (yield: 72%). 
30 Melting point: 115-117**C 
iH-NMR(in DMSO; 8): 

0.96, s. 6H (CH3X2), 
1.14, s. 6H (CH3X2), 

35 1.40. t(J=1 2.4Hz), 2H(CH2): 

1.69. d(J=1 2.4Hz). 2H (CHg). 
1.78, s. 3H (C-OCOCH2), 
2.05, s. 3H (N-OCOCH2). 
3.97.m. 1H(CH), 

40 7.74, d (J=8.1 Hz), 1 H (NHCO) 



Mass spectrum (EI+): m/z 256.4 (M+) 
Example 7 

Test for measuring enzyme activity: 

100501 Capabil^ of enzyme (esterase) activity detem^ination ^yl^l;2lV^^ 

Ulpyrrolidine was examined. Esterase (3360 U/ml. '^^^f^f^'^fl^^^^ OoT "of each diluent was 

STLrin^^Kon. I, W.S con1lm,«l .hat .h, es»,as. «=«v* «a. be measu,... b, u.,ng .h» ,.«,on. 
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Example 8 

Measurement of ESR-CT image of rat brain 

[0052] 6 ml of 150 mM physiological saline solution of l-acetoxy-3-carbamoy 1-2,2, 5,5-tetramethylpyrroljdine was in- 
traperitoneally administered to Wister male rats (200 g, age: nine weeks) anesthesized with pentobarbital. The head 
of the rat was secured so that the part of the head 9 mm ahead of the external auditory meatus came to the center of 
the resonator. ESR-CT was measured 20 minutes after administration. The measuring conditions of ESR-CT were as 
follows. 

(Measurement conditions of ESR-CT) 
[0053] 

IS Instrument: 700 MHz band electron spin resonance apparatus 

Microwave frequency: 720 MHz 

Microwave power: 52 mW 

Central magnetic field: 25 mT 

Magnetic field sweep width: 15 mT 
20 Magnetic field modulation width: 0.2 mT 

Magnetic field modulation frequency: 100 kHz 

Magnetic field gradient: 1 mT/cm 

Magnetic field gradient. rotational angle: 20** 
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[0054] The measured black-and-white picture image is shown in Figure 2, and a color picture image is attached as 
a reference figure. In Figure 2, A is a rat brain ESR-CT image 1 mm below the external auditory meatus, and B Is a 
rat brain ESR-CT image 3 mm below the external auditory meatus. Figure 3 Is a drawing describing the part of the 
brain indicated by the anatomical chart in Figure 2. 

[0055] Nitroxide radical signals were obsen/ed in the hippocampus, cortex, striatum, amygdala, and hypothalamus 
of the brain, and the rat brain ESR-CT images were acquired based on the signals. The experiment confinned that a 
modified hydroxylamine derivative is hydrolyzed after being transfen^ed to the brain, and oxidized by intracerebral active 
oxygen and free radicals into a nitroxide derivative which emits ESR signals, whereby images of free radicals or active 
oxygen can be acquired. 

55 INDUSTRIAL APPLICABILITY 

[0056] The N-acyloxylated cycloalky I. compound (modified hydroxylamine compound) of the present invention which 
are active ingredients of the diagnostic agent have enough half-life in blood and interact with active oxygen or free 
radicals in vivo. Therefore, the nitroxide compounds are useful for acquiring biological images of the distribution of free 
radicals by a magnetic resonance method. Accordingly, the diagnostfc agent can be used for diagnosing diseases 
related to active oxygen and the like such as ischemic diseases, digestive diseases, cancer, cranial nervous diseases 
accompanied by nerve degeneration, inflammation, cataracts, or drug-induced organopathy in which active oxygen or 
free radicals take part. 

[0057] Specifically, the above diseases related to active oxygen and the like can be diagnosed by administering the 
diagnostic agent containing the N-acyloxylated cycloalkyi compound of the present invention to the living body, and 
detecting the signal change of the nitroxide compounds In vivo by ESR, NMR, and the like. 
[0058] Therefore, the diagnostic agent of the present invention is used for MRI. If ESR devices capable of measuring 
large content biological samples such as a human body are developed, the diagnostic agent non-invasively diagnoses 
the diseases or symptoms in which active oxygen takes part by acquiring the images of free radical distribution in the 
so human body by the ESR method. 

[0059] Since the N-acyloxylated cycloalkyi compound of the present invention can react with in vivo active oxygen 
or free radicals and eliminate them, the compound can be used as a preventive or therapeutic agent for the diseases 
related to active oxygen and the like. 

[0060] In addition, the active oxygen or free radicals generated from the tissue or organs in a normal or diseased 
state can be detected from the outside of the body and imaged by administering the N-acyloxylated cycloalkyi compound 
to nonmahexperimental animals and diseased model experimental animals. From the results, the compound can be 
used as detection reagents for detennining what kind of diseases active oxygen and free radicals relate, whereby 
useful medical infomriation is obtained. 
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Claims 

1. A drug or reagent cor^taining the N-acyloxylated cycioalkyi compound of the following forrr^ula (1) as an active 
ingredient, 
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( 1) 



OCOR 
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^ • A .^«toar rsrc cx/cloalkvl oroup which may have OHG double bond in the ring and ma^ 
'S:Z;:Z.^^^^S^^9.<^- cJL,o,l group, g^p^ .™ 

?™ur=u«onio .Jj g«.up phenw g-oup. ==«<,yyl g^up, or ae«pa,„lro g^v. R is . 0,-0, .Ikyl group 

phenyl group. 

2. The drug according to claim 1 . which is used as a preventive agent, therapeutic agent, or diagnostic reagent. 
3 The drug or reagent according to dalm 1 . which Is used as an active oxygen or free radical scavenger. 

^- srrJ2;'irint-ir.r.i=pSrrj^^^ 

racts, or drug-Induced organopathy. 

5. The drug or reagent according to claim 1 . which is used as a detective agent for active oxygen or free radicals. 

6. The diagnostic agent according to claim 2. which Is used as a contrast medium for ESR or NMR. 

7. The drug according to claim 1 . wherein the N-acyloxylated cycloalkyi compound Is a compound represented by 
the following fonnula (II), 




OCOR 
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wherein X and Y individually represent a hydrogen atom, alkyl group, amino group, amide group, carbamoyl group, 
carboxyl group, keto group, hydroxyl group, sulfonic acid group, phenyl group, acetoxyi group, or acetoamino 
group, and R is a alkyl group or a phenyl group, R\ R^, R3. and R^ individually represent a C1-C4 alkyl 

group, and 

represents a single bond or double bond, and m is 0 or 1 . 

8. A method of scavenging active oxygen or free radicals in vivo which comprises administering an N-acyloxylated 
cycloalkyi compound shown by the following fomnula (1) in vivo. 



10 
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20 




N 




( I ) 



OCOR 

2S wherein A represents a C4 or C5 cycloalkyi group which may have one double bond in the ring and may be sub- 

stituted with an alkyl group, amino group, amide group, carbamoyl group, carboxyl group, keto group, hydroxyl 
group, sulfonic acid group, phenyl group, acetoxyi group, or acetoamino group, and R is a C^-C3 alky! group or 
phenyl group. 

30 9. The method according to claim 8, which is used for diagnosing ischemic diseases, digestive diseases, cancer, 
cranial nervous diseases accompanied by nerve degeneration, inflammation, cataracts, or drug-induced organo- 
pathy. 



10. An N-acyloxylated cycloalkyi compound represented by the following formula (IT): 
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45 





OCOR 



(I r ) 



so wherein m is 0 or 1 ; when m is 0, X' and Y' individually represent a hydrogen atom, alkyl group, amino group, 

amide group, carbamoyl group, carboxyl group, keto group, hydroxyl group, sulfonic acid group, phenyl group, 
acetoxyi group, or acetoamino group, and when m is 1, X' and Y' individually represent a hydrogen atom, alkyl 
group, amino group, amide group, carbamoyl group, carboxyl group, keto group, hydroxyl group, sulfonic acid 
group, phenyl group, or acetoamino group; R is a -C3 alkyl group or a phenyl group; R1 , R2, R3, and R^ individually 

55 represent a OyC^ alkyl group; and 

represents a single bond or double bond. 
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Esterase (U/ml) 

FIG.l 
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